I. INTRODUCTION
Quencheduark models and unquenched↔uark models give very different predictions for the J P = MeV and 1760 MeV, respectively, the unquenched quark models [5] [6] [7] expect them to be around 1400 MeV and 1550 MeV, respectively, a meson-soliton bound-state approach of the Skyrme model [8] and other meson-baryon dynamical models [9, 10] predict them to be around 1450 MeV and 1620 MeV, respectively.
Although various phenomenological models give distinguishable predictions for the lowest
− Σ and Ξ states, none of them are experimentally established. There is relatively more information on the Σ resonances in the PDG tables, coming from analyses of early KN experiments in the 1970s [11] . Some analyses are for the c.m. energy around 1600
MeV [12] [13] [14] [15] . However, restricted by the uncertainties from low statistics and background contributions, the Σ resonant structures around 1600 MeV are still not very clear, and several Σ resonances are listed in PDG tables with only one or two stars around this region.
There is a Σ(1620) 1 
2
− listed as a 2-star resonance in the PDG tables [11] . This seems supporting the prediction of quenched quark models. However, for the 2-star Σ(1620) 1 2 − resonance, only four references [16] [17] [18] [19] are listed in PDG tables with weak evidence for its existence. Among them, Ref. [16] and Ref. [17] are based on multi-channel analysis of the KN reactions. Both claim evidence for a Σ( 1 2 − ) resonance with mass around 1620 MeV, but give totally different branching ratios for this resonance. Ref. [16] claims that it couples only to πΛ and not to πΣ while Ref. [17] claims the opposite way. Both analyses do not have Σ(1660) 1 2 + in their solutions. However, Ref. [12] shows no sign of Σ( [20] , which supports the prediction of unquenched quark models [5, 6] .
Some other works [13, 21] show supports of Σ( − ) resonance with mass around 1700 MeV. Ref. [21] studies the same reaction with the technique of Barrelet zeros for the partial wave solutions.
Seven ambiguous solutions are generated with several of them containing Σ( To pin down the nature of the lowest This paper is organized as follows. In Section II, we present the theoretical frame work of the analysis. In Section III, we present the analysis results and discussions. A brief summary is given in section IV.
II. THEORETICAL FRAMEWORK
The Feynman diagrams for K − N → πΛ are depicted in Fig.1 , where k, p, q and p ′ represent the momenta of the incoming K − , N and the outgoing π, Λ, separately. The main contributions are from the t-channel K * exchange, the u-channel proton exchange, and the s-channel Σ and its resonances.
FIG. 1: Feynman diagrams for
(b)u-channel proton exchange; (c)s-channel Σ and its resonances exchanges.
The relevant effective Lagrangians for the hadron couplings are listed in Eq. (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . The value ranges of the coupling constants or parameters are used exactly the same as those in Ref. [23] . Interested readers may refer to Ref. [23] for the detailed descriptions of our effective Lagrangians.
L ΛπΣ(
Note that the isospin structures are contained in the Lagrangians, e.g., the K * Kπ coupling
and for the KNΣ coupling the isospin structure is KΣ · τ N with
For each vertex of these channels, the following form factor is used to describe the off-shell properties of the amplitudes:
where q ex and M ex denote the 4-momenta and mass of the exchanged hadron, respectively.
The cutoff parameter Λ is constrained between 0.8 and 1.5 GeV for all channels.
For the propagators with 4-momenta p, we use
for K * meson exchange (µ and ν are polarization index of K * );
for spin-
propagator;
for spin- 3 2 propagator; and
propagator, with
For unstable resonances, we replace the denominator The differential cross sections for K − N → πΛ can be expressed as
where θ is the angle between the outgoing π and the beam direction in the c.m. frame; s = (p+k) 2 , and k and q denote the 3-momenta of K − and π in the c.m. frame, respectively.
And |M| 2 denotes the spin averaged amplitude squared of the reaction.
The Λ polarization in K − N → πΛ → ππN can be expressed as
where α Λ = 0.65, and dΩ ′ = d cos θ ′ dφ ′ is the sphere space of the outgoing nucleon in the Λ rest frame, and θ ′ is the angle between the outgoing nucleon and the vector v = k × q, which is perpendicular to the K − N → πΛ reaction plane.
For Λ → πN, the effective Lagrangian is
where G F is the Fermi coupling constant; A and B are effective coupling constants.
The differential cross section for K − N → πΛ → ππN can be expressed as
where p ′ N denotes the 3-momenta of the produced nucleon in the Λ rest frame, and Γ Λ is Λ decay width. M ′ denotes the amplitude of the reaction K − N → πΛ → ππN, and
′+ is the spin averaged amplitude square.
III. RESULTS AND DISCUSSIONS
The isospin structures of the couplings require the cross section of K − p → π 0 Λ to be half that of the K − n → π − Λ. In Fig. 2 , We compare twice of the Crystal Ball data [22] of the differential cross sections with that of Ref. [19] in similar beam momenta. And one can see that in general, the data of the two experiments are compatible with each other within statistic uncertainties.
In our analysis, the t-channel K * exchange and the u-channel proton exchange amplitudes are fundamental ingredients. The well established four-star Σ(1189) Table I (other tunable parameters will be shown in Table II and III). In Fig.3 we also show the second solution of Ref. [19] , which suggests a Σ( In Table II , we give the central values and uncertainties for the 6 parameters of Σ(1670) The other 12 tunable parameters in our study include 5 coupling constants and 7 cutoff parameters. In Table III , we show the fitted results of the 5 coupling constants of the All the fitted parameters listed in Table II and Table III are consistent with those given in Ref. [23] within error bars. The error bars listed here are smaller than those of Ref. [23] .
The main reason is that we made a careless mistake in Ref. [23] : the output of χ 2 /2 value was mistaken as χ 2 value. The values of all the χ 2 in Ref. [23] should be doubled. Another reason is that here we include data of K − n → π − Λ reaction in addition.
For the fit with Σ( − ) as indicated in Refs. [7, 20] , rather than the Σ(1620)
− as listed in PDG [11] .
When including both Σ(1633) − is not supported from our analysis at all. This seems differing from the results of Ref. [19] , where one of its solutions supports the Σ(1620)
− , although another one of its solutions does not need it. The major difference of two analyses is the treatment of non-resonant background contribution. In Ref. [19] , "a particular partial wave was assumed to be either resonant or background but not both"
and background contributions in each partial waves are independent, while in our approach the background contributions in each partial waves are determined by the t-channel K * exchange and u-channel proton exchange. If we only fit the data of Ref. [19] with the effective Lagrangian approach, with just the 4 established Σ resonances in s-channel, together with the t-channel and u-channel contributions, we obtain a χ 2 of 116 for the total 100 data points, which is already much smaller than the χ 2 value of 176 ∼ 180 for both solutions of Ref. [19] . We think our approach is more physical and appropriate in describing the reactions. Including the Σ(1633) 1 2 + in addition will further reduce the χ 2 to 109. The old The largest improvement is given by including an additional Σ( in the analysis makes the mass and width of the Σ( Some uncertainty may still exist from the uncertainties in some coupling constants and cutoffs, however, the main results of this analysis will not change. MeV.
